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Abstract—ACUAINTRUSION is a graphical user interface 
for a reactive multicomponent transport model for saturated 
porous media (Gomis et al., 1996) [1],  designed with Visual Basic 
6.0 (Microsoft®). The computer program permits the simulation 
of chemical changes occurring during salt water intrusion in one-
dimensional reactive flow through permeable media for which 
local thermodynamic equilibrium is assumed.  
 
Index Terms—Seawater intrusion, reactive transport, 
hydrogeochemical model, graphical user interface, breakthrough 
curve, transport parameters 
 
I. INTRODUCTION 
CUAINTRUSION is a graphical user interface for a 
reactive multicomponent transport model for saturated 
porous media (Gomis et al., 1996) [1],  designed with Visual 
Basic 6.0 (Microsoft®). The computer program permits the 
simulation of chemical changes occurring during salt water 
intrusion in one-dimensional reactive flow through permeable 
media for which local thermodynamic equilibrium is assumed. 
A numerical method is used to resolve a set of partial 
differential equations derived from the conservation of mass 
applied to each one of the chemical elements of the system. 
The differential equations are solved together with the 
proposed equilibrium equations and those of the material and 
charge balances done on the different chemical species and 
elements.  
 
The reactive transport model´s capabilities can be used to 
study seawater intrusion in natural systems (for example the 
classical Valocchi´s injection experiment (Valocchi et al., 
1981) [2]) or in laboratory column experiments (Appelo and 
Postma, 2005 [3] (Fig. 1), Gomis et al., 1997 [4]) including 
1D reactive-transport, speciation, ionic exchange and 
precipitation-dissolution of calcite and gypsum.  
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Fig. 1.  Basic model with chromatographic displacement   of Na+ and K+ by 
Ca2+. (Appelo and Postma, 2005 [3]) 
 
II. FEATURES OF ACUAINTRUSION  
 
ACUAINTRUSION provides an easy way to obtain 
simulated seawater intrusion data of the major anions and 
cations from several specified variables (freshwater 
concentration, flow rate, length and diameter of the considered 
column, density of sediment, CEC, ion exchange coefficients 
and % calcite) and from the experimental  breakthrough curve 
of chloride, considered as a tracer. The graphical user 
interface has two functions, that are explaining then. 
 
A. First stage: transport parameters 
 Firstly, to calculate the transport parameters it needs the 
following INITIAL DATA: length (L) and diameter of 
column and flow rate and EXPERIMENTAL DATA: chloride 
concentration (mmol/L) versus experimental time (h) data 
input from an Excel file of Microsoft Office (Figure 2). 
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Fig. 2.  Experimental breakthrough curve of chloride concentration (mmol/L) 
versus experimental time (h) data input to ACUAINTRUSION from an Excel 
file of Microsoft Office. 
 
 
 
The program calculates the best fitting of the experimental 
data which are previously transformed to non-dimensional 
concentration. The breakthrough curve is calculated with the 
analytical solution of Lapidus and Amundson (1952): 
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where 
Cr(L,t) resident solute concentration at the end of the 
column 
Ci initial concentration of solute 
C0 concentration of solute in the continuous supply of tracer 
L column length  
t time 
v interstitial water velocity in direction of propagation 
DL longitudinal dispersion coefficient 
 
 
 
To obtained the best fitting, the quadratic mean deviation 
between experimental and calculated compositions has been 
minimized . 
 
After that calculation, the program shows automatically the 
plot of the  experimental concentration data and the simulated 
breakthrough curve. The calculated RESULTS for the Péclet 
number (vL/D), residence time TR, u Darcy velocity, ε 
porosity, v interstitial velocity, D dispersion and α dispersivity 
are also shown (Figure 3). 
 
  
 
 
 
Fig. 3.  Experimental and calculated breakthrough curve of chloride and 
the respective transport parameters obtained 
 
 
 
 
B. Final Stage: reactive transport model 
Secondly, the interface automatically uses the calculated 
transport parameters to run the reactive model (fig. 4). 
 
 
 
Fig. 4.  Calculated transport parameters are automatically input to calculate 
reactive transport 
 
 
It needs other input data such as the properties of the porous 
medium (Figure 5) and the discretization of x and t (Figure 6)  
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Fig. 5.  Porous medium properties are required to calculate reactive 
transport 
 
 
 
 
Fig. 6.  Discretization of x and t might be varied to run the reactive 
transport model 
 
Finally, the calculated seawater intrusion data with respect 
to the dimensionless time and eluted volume are presented in 
an Excel spreadsheet (Figure 7). Iterative calculations are 
performed to obtained the concentrations solved and sorbed 
ions, taking into account the activities of the species and the 
major aqueous complexes  
 
 
 
 
Fig. 7.  Solved and adsorbed calculated concentrations of the major ions 
 
 
 
 
III. APLICATION OF THE GRAPHICAL USER INTERFACE  
 
The experimental data used for the application of  the 
ACUAINTRUSION were shown in the last SWIM Boluda-
Botella et al., 2004 [5]. The water concentrations are shown in 
table I and the characteristics of the sediment in table II. 
 
 
 
 
 
TABLE I 
WATER COMPOSITION 
 Freshwater Seawater 
 
Na+ 
 
 
2.17 
 
522 
 
K+ 
 
 
0.0872 
 
10.3 
 
Ca2+ 
 
 
3.13 
 
11.3 
 
Mg2+ 
 
 
0.617 
 
61.7 
 
Cl- 
 
 
2.96 
 
606 
 
SO42- 
 
 
1.72 
 
30.2 
 
HCO3- 
 
 
3.28 
 
2.13 
 
TABLE II 
CARACTERISTICS OF THE SEDIMENT 
 
 
Pore 
solution 
(mmol/L) 
 
Exchange 
complex 
(meq/100g) 
 
 
Na+ 
 
 
2.24 
 
0.10 
 
K+ 
 
 
0.04 
 
0.07 
 
Ca2+ 
 
 
3.18 
 
6.25 
 
Mg2+ 
 
 
0.57 
 
0.58 
 
CEC(meq/100g) 
 
  
7 
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The calculated transport parameters with 
ACUAINTRUSION for three different experimental 
laboratory column are included in table III. 
 
 
   
The calculated seawater intrusion obtained with 
AQUAINTRUSION can be represented together with the 
experimental data in EXCEL (Fig. 9). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8.  Solved and adsorbed calculated concentrations of the major ions 
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TABLE III 
TRANSPORT PARAMETERS FOR DIFFERENT FLOW RATE (ML/MIN) 
 20 35 82 
 
u (cm/h) 
 
 
0.15 
 
0.27 
 
0.63 
 
Tm (h) 
 
 
241 
 
143 
 
65 
 
Pe=vL/D 
 
 
186 
 
169 
 
5.7 
 
 
ε efective 
 
 
0.37 
 
0.38 
 
0.40 
 
 
V (cm/h) 
 
 
0.41 
 
0.70 
 
1.54 
 
D(cm2/h) 
 
 
0.22 
 
0.41 
 
26.9 
 
α (cm) 
 
 
0.54 
 
0.59 
 
 
17.5 
 
 
